In this final review, a series of polymers which include aromatic rings and/or inorganic chain-atoms are treated. Heat-capacities of poly(4,4' -isopropylidenediphenylenecarbonate), polyphenylenediamides, polyheteroarylenes, poly (dimethyl siloxane), poly(diethyl siloxane), poly(trimethylsilyl.ethylene), poly(dimethylphenylsilyl ethylene), poly(dimethylbenzylsilyl ethylene), poly(vinylene diphenylsilylene), poly(vinylene diphenylgermylene), poly(diethnyl diphenysilylene), poly(diethnyl diphenylgermylene), poly(2,3,4,S-tetraphenyl-l, l-diethylgermocyclopentadiene), poly(phenylsilsesquioxane), poly[ ethylene -N-(P-trimethylsilylethyl)imine] and polysulfones have been reviewed on the basis of measurements on 36 samples reported in the literature. All heat capacity data are compiled and a set of recommended data are derived. Enthalpy and entropy functions are calculated for poly(4,4'-isopropylidenediphenylene carbonate) and poly(dimethyl siloxane).
-List-of-l'ables-Deposited.inJ~A~Sa Table AI . Heat capacity of various poly(4,4'-isopropylidenediphenylene carbonate) at low temperature. Table A2 . Heat capacity of various poly(4,4' -isopropylidenediphenylene carbonate)s below the glass transition temperature. Table A3 . Heat capacity of various poly(4,4' -isopropylidenediphenylene carbonate)s above the glass transition temperature. This is the last paper in a series of discussions on the heat capacity of linear macromolecules. In the earlier papers,I-8 the heat capacity of selenium, polyethylene, polypropylene, polystyrene and various types. of pol yoxid es., polyesters, polyamides, acrylic polymers, and other carbon backbone polymers have been analyzed. This paper deals with acrylic polymers which contain aromatic b groups, and/or inorganic chain atoms.
Introduction
C These polymers are used as a See AlP document no. PAPS JPCRD-I2-0091-7 for 7 pages of data tables.
Order by PAPS number and journal reference from American Institute of Physics; Physics Auxiliary Publication Service, 335 East 45th Street, New York, N. Y. 10017. The price is $1.50 for a microfiche or $5.00 for photocopies. Airmail is additional. This material also appears in Current Physics Microform, the monthly microfilm edition of the complete set of journals published by AlP, on the frames following this journal article.
b Some other polymer containing phenyl group have been analyzed in previous publications: poly(oxy-l, 4-phenylene)s, 3 polystyrene, S poly(vinyl benzoate)s,7 poly(ethylene terephthalate).8 C In our classification of polymers, an inorganic chain atom is any atom besides carbon and oxygen. Table A4 . Heat capacity of various molten poly(4, 4'-isopropylidenediphenylene carbonate)s. Table A5 . Heat capacity of various amorphous poly(dimethyl siloxane)s below the glass transition temperature. Table A6 . Heat capacity of various molten poly-(dimethyl siloxane)s. The aromatic polymers analyzed-in this paper are: poly(4,4' -isopropylidenediphenylene carbonate), poly[ carbonylimino( 6-hydroxy-1, 3-phenylene) methylene-(4-hydroxy-l, 3-phenylene)iminooarbonyl-l, 3-phenylene, poly(imino-1, 2-phenyleneiminoisophthaloyl), poly(imino-1, 3-phenyleneiminoisophthaloyl), poly(imino-l, 4-phenyleneiminoisophthaloyl), poly(imino-1, 2-phenyleneiminoterephthaloyl), poly(imino-l, 3-phenyleneiminoterephthaloyl), poly(imino-3, 5-pyromellitolylimino-l, 4-phenyleneoxy-l,4-phenylene), poly(pyroazolino[3,4-C]quinazoline-3, 5-diyl-1, 3-phenylenepyroazoline[3,4-C]quinazoline-5, 3-diyl-1, 4-phenylene), poly(imino-l, 2-phenylene-4H-l, 2, 4-triazole-3, 5-diyl-
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poly(2,5-benzoxazolediylmethylene-5, 2-benzoxazolediyl-l, 3-phenylene), poly (5,7-dihydro-l, 3, 5, 7-tetraoxobenzo [1,2-c:4, 5- 
poly [oxy(4-amino-l. 3 ;.phenylene)iminocarhonyl-(4,9-dicarboxytricyc1o[ 4.2.2.0 2 ,5]-7 -decane-3, 10-diyl)carbonylimino-(6-amino-1, 3-phenylene)], poly(hydrazocarbonyl-l, 4-phenylene-2, I-benzo[ c lfurone-3, 3-diyl-1, 4-phenylenecarbonylhydrazoterephthaloyl), poly(1,4-phenylene-l, 3, 4-oxadiazole-2, 5-diyI-I, 4-phenylene-2, I-benzo[c]-furone-3, 3-diyl-l, 4-phenylene-l,
---and poly [ 6,6' -bis[3,3' - 
The polymers with inorganic luaill or sid~ chain atoms analyzed in this paper are:
poly(dimethyl siloxane), poly(diethyl siloxane This industrially important polycarbonate is made by condensation of 4,4-dihydroxydiphenyl-2, 2-propane and phosgene in the presence of alkali. Its repeating unit is C 6 H 4 -C(CH 3 h-C 6 H 4 -OCOO-with a formula weight of 254.29.
The crystal structure of poly{4,4' -isopropylidenediphenylene carbonate), thereafter referred to as polyearbonate, is monoclinic (space group Pc). The molecular chains which form a 16*2/1 helix along the crystallographic c-axis are 15 %-20% shortened from the fully stretched form to achieve closer carboxyl alignment. Thirteen investigations ofthe heat capacity of poly(4,4'-isopropylioerieoipheylene-carbonate) have been repoIied-iif the literature. Heat capacity of 16 samples of various crystallinities and molecular weight have been measured over a wide range of temperature.
All investigations were critically evaluated in terms of sample characterization, experimental technique, error limit, and accuracy of representation of data. It was found that only three of the thirteen investigations met our standards of acceptable data (discussed in Ref. 1). These investigations are listed in Table 1 . They contain heat capacity data on five polycarbonate samples of low crystallinity (we = 0 -0.25).
Ten investigations which did not contain acceptable data were not included in further analysis. These are listed in Table 2 , along with brief comment~ on the reasons for exc1u-~~n frQ.~t~~~ stucly. The heat capacity data on various polycarbonate samples retrieved from the literature are given in Tables A 1 to A4. These tables have been deposited with the Physics Auxiliary Publication Service of the American Institute of Physics. The low temperature data (below 5 K) are given in Table  AI. Tables A2 and A3 contain data on various polycarbonates below and above the glass transition, respectively. Finally, Table A4 contains data on various molten samples of polycarbonate.
Heat capacity measurements on amorphous polycarbonate are available over the entire temperature range from o to 560 K. For semicrystalline samples, the measurements are restricted to samples of low crystallinity and cover a limited temperature range (above 120 K only). Moreover, O'Reilly et al.
14 have established that from 120 K to the glass transition, the heat capacity has limited or no dependence on the crystallinity. Thus, the crystallinity dependence of the heat capacity (which would be expected to be significant at lower temperatures) cannot be estimated at present over the whole temperature range. Thus, the recommended data have been derived for amorphous polycarbonate only.
From 0 to 4 K, the data of sample 6 are recommended and from 10 to 110 K, the data of sample 1 are recommended. From 120 K to the glass transition temperature (418 K), the recommended data were obtained by curve fitting the heat capacities of samples 1, 2, 3, and 4 into the equation
The rms deviation was 1.0%.
To ohtain recommended heat capacity data on molten polycarbonate from 418 to 560 K, the heat capacities on bThe data given in tabular [arm \~cre curve fitted into the equation Bashirov ot a1. (1975 Bashirov ot a1. ( , 1976 [19, 20] Data could not be read accurately from too small l!raphs.
lIeat capacity data reported in the glass transition region as" a function of heating rate.
The" pressure dependence of heat capacity was investigated from simultaneous measurements of thermal conductivity and diffusivity at 303 and 333 K in the pressure range 0-2.5 bar. Heat capacity increases by about 5% I,ith pressure.
Data could not be read accurately from too small graphs. samples 2,3, and 4 were curve fitted into the equation
The recommended heat capacity data on amorphous polycarbonate are listed in Table 3 and plotted in Fig. 1 . These heat capacities were used to derive thermodynamic functions for amorphous polycarbonate. These are also listedin 
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Polyphenylenediamides
Three investigations II. Poly(imino-l, 2-phenyleneiminoisophthaloyl) (formula wt. = 238.24).
-NI-I HN-CO V Oco-III. Poly(imino-l, 3-phenyleneiminoisophthaloyl) (formula wt. = 238.24).
IV. Poly(imino-l, 4-phenyleneiminoisophthaloyl) (formula wt. = 238.24).
V. Poly(imino-l, 2-phenyleneiminoterephthaloyl) (formula wt. ~ 238.24).
-HN NH ocOcob VI. Poly(imino-l, 3-phenyleneiminoterephthaloyl) (formula wt. = 238.24).
-HN
QNHocQCO-
VII. Poly(imino-3, 5-pyromellitolylimino-l, 4-phenyleneoxy-l, 4-phenylene) (formula \Vt = 4J R3~\.
-NHOCYp COHVO V
I-IOQC~CQQH
All measurements have been reported by Karayakin and co-workers and meet our standards· of acceptable data (discussed in Ref. 1). Heat capacity measurements were made using an adiabatic calorimeter (claimed uncertainty 1 %). Polymers I and VII were amorphous and polymers 11-VI were semicrystalline (crystallinity not reported).
Recommended data on the heat capacity of all polyphenylenedi~ides were obtained by interpolating the author's tabulated data using the spline function technique to obtain the heat capacity values at every 10 deg intervals.
These values are listed :in Table 4 . Heat capacity data above 400 K for all the polyphenylenediamides have also been reported. These data are associated with uncharacterized transitions and are not reported here.
Heat capacity data on two other polyphenylenediamides have been reported in the literature. These polymers are listed below.
Poly[oxy-(4-amino-l, 3-phenylene)iminocarbonyl (6-carboxy-l, 3-phenylene)oxy(4-carboxy-l, 3-phenylene)-
The data could not be read accurately from too small graphs. 
Polyheteroarylenes
Polyheteroarylenes, which combine good physical and chemical resistance with good solubility in organic solvents are widely llsed a..q heat resistance polymers. Six investigations . ' " ~I
Heat capacity measurements for VIII-XIV have been reported by Karyakin and co-workers using adiabatic calorimetry (claimed uncertainty I %) and for XV by Wrasidlo using a differential scanning calorimeter (claimed uncertainty 2%). All measurements were made on amorphous samples and meet"our standards of acceptable data (discussed in Ref. I).
Recommended data on the heat capacity of all polyheteroarylenes were determined by interpolating the authors' tabulated data using the spline function technique to obtain the heat capacity values at every 10 deg intervals. These values are listed in Table 5 . Heat capacity data through the transitions for polyheteroarylenes VIII, IX, X, XI, XIII, and XIV have also been reported by the authors. These data were not retrieved. Heat capacity in the molten state has only been reported f01" polyhete1"oarylene XV by Wra.~ldlo_34 The recommended data for molten polyheteroarylene XV were determined by curve fitting the author's tabulated data onto the equation
The rms deviation was 0.1 %. Recommended data obtained from Eq. (3) are listed in Table 6 . The heat capacity change at the glass transition for polyheteroarylene XV (T g = 573 K) was determined by linearly extrapolating the glassy and the molten data and was found to be 177. 
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These data could not be read accurately from too small graphs.
Other Aromatic Polymers
______ !:!~t capacit~~easurem~nts have been reported on oligomericpolylfA-phenylene':( S=phenyf.:t j~phenylene)] (de':
greeofpolymerization,x = 6.5 ± O.5)byKaryakinetal. 35 ,36 from 100 to 600 K. The data could not be read accurately from too small graphs.
Alpaugh and Morrow 37 have measured the heat capacity of poly(chloroparaxylylene) from 100 to 390 K using transient heating techniques. These data are associated with large error linlits. Some di1ferential scanning calorimetry data over limited temperature range on the same sample have a somewhat smaller error limits,however, these data could not be read accurately from too small graph.
. Lebedev et af. 38, 39 have' reported the heat capacity of polymer made by polycyc1otrimerization of2, 2-bis(4-cyanatophenyl) propane. These data are on nonlinear polymers and antnoiofinterestJnth~study~ A large number of commercial phenol-formaldehyde polymers have been subjected to heat capacity measure-. ment. aAuthors tabulated data were interpolated using the spline function technique to obtain heat capacities at every ·ten degree interval. The recommended data for molten poly(dimethyl siloxane) were obtained by curve fitting the molten data into the equation given in Table 8 and plotted in Fig. 2 . The heat capacity. values were further integrated to obtain the thermodynamic data for semicrystalline poly(dimethyl siloxane). These data are also listed in Table 8 . poly(dimethyl siloxane)s. The glass transition and the melting regions for both samples extended from 150 to 220 K. The heat capacity associated with these transitions show large deviations and were not retrieved. Yagfarov et al. 46 . 4 7 have also reported heat capacity data in the glass transition Heat capacity change at the glass transition for poly(dimethyl siloxane) is 27.71 J mole-1K-1 •
Poly(diethyl siloxane)
and melting regions (140 to 280 K)_ Two investigations 44 ,48 pave been reported in the litera-
The data on samples 1 and 2 are in good agreement, ture on the heat capacity ofpoly(diethyl siloxane) [repeating both are below the glass transition and in the molten state.
unit Si(CH 2 CH 3 h-O-, formula wt. = 102.2]. The details of
The changes in the heat capacity at the glass transition these investigations are given in Table 9 . The heat capacity _(wbi~lt ~~ qY~J9l\mQIphoJ1S_r_egions __ onlY-lJl!e_-a1sojn-good------data-from-60 to 300-K-are-listed-in-T-able lO.-T-he-heat-capacagreement (10 ± 1 J mol-1 K -1). This seems to indicate that ity data are associated with a nUmber of transitions, and the crystallinities for both samples would be about the same (we nature of these transitions is not well established. 48 ,64 More-= 0.68 ± 0~05). Thus, recommended data have been deover, the heat capacity data on both the samples differ by rived for semicrystalline poly(dimethyl siloxane) of crystal-2%-9%. Thus, no recommendations for the heat capacity of linity 0.68 ± 0.05.
poly(diethyl siloxane) are possible at present. To determine the recommended data for semicrystal-A rough estimate for AC p (at Tg) was made by extrapoline poly(dimethyl siloxane) below the glass transition, the lating the average data on glassy and molten samples. AC p data on both the samples up to 140 K were curve fitted into (at Tg = 131 K) was found to be 15.6 J moI- All the measurements were made on amorphous samples (Molecular  weight: PTMSE-775OOO; PDMPSE-20 000; PDMBSE-450 000) using adiabatic calorimetry (claimed uncertainty, 0.2%) and meet our standards of acceptable data (discussed in Ref. 1).
The heat capacity measurements for PTMSE were made over the temperature interval from 60 to 300 K. To determine the recommended data, the authors' data were Table 11 . Recommended heat capaci ty data for glassy 1'01y-ttrimethylsilyl ethylene), polyCdimethylphenylsilyl ethylcne) and poly(dimethylbenzy1si1y1 ethylene) a in .J mol-1 K-1 heat capacity values at every 10 deg interval. These recommended data are listed in Table 11 and plotted in Fig. 3 . The authors have also estimated heat capacities below 60 K.
These estimated values are considered unacceptable (method of estimation not reported).
Heat capacity measurement for PDMPSE spans the temperature range from 50 to 300 K. Below 50 K the authors have estimated heat capacity by curve fitting the data above 50 K into a one-dimensional Debye equation. These estimated values are considered unacceptable since there is no justification to represent heat capacity data at low temperatures (below SO K) using a one-dimensional Debye function. Recommended heat capacity data from 50 to 300 K were obtained by interpolating the authors' heat capacity data using GAUR, LAU, AND WUNDERLICH
1401-------4-70 r------r-
The heat capacity change at the glass transition for PDMSBE was found to be 54.2 J mol- wt. -461.18), thereafter referred to as PVDS, PVDG, and PVDSVDQ, have been reported by Lebedev et al. 54 • 55 All measurements span the temperature range from 10 to 320 K' and were made on amorphous samples (Molecular, weight: PVDS-1200; PVDG-I400; PVDSVDG-I0 (00) using the spline function technique to determine the heat capacity adiabatic calorimetry (claimed uncertainty 0.2%). All the values at every 10deginterval. These recommended data are measurements meet our standards of acceptable data (dislisted in Table 11 and plotted in Fig. 3 . cussed in Ref. 1). Heat capacity measurement on PDMBSE from 10 to
The recommended data for amorphous PVDS from 10 330 K have been reported. The heat capacity data from 250 to 200 K were determined by interpolating the authors' tabuto 290 K are associated with the glass transition effects (T g lated data using the spline fqllction technique to determine = 279 K). From 10 to 240 K, the recommended data were the heat capacity values at every 10 deg interval. The authobtained by interpolating the author's tabulated data using ors' data above 200 K are somewhat higher because they are the spline function technique to obtain the heat capacity valassociated with the beginning of the glass transition. The les-at-every -t 0 deg-intervat-Heatca-pllcity-values ftom250 'K----r~commended data -from --2-1 O-to-the-glass--transition-{l'g iO the glass transition temperature were obtained by linearly were curve fitted into the equation
The nus deviation was 0.1 %. The recommended data for the heat capacity ofPDMBSE from 10 to 240 K were obtained by interpolation and from 250 to 270 K calculated from Eq_ (6) are listed in Table 11 and plotted in Fig. 3 . The recommended data for molten PDMBSE were obtained by curve fitting the author's data points at 298.15 and 330 K into the equation
Recommended data for molten PDMSBE from Eq. (7) are listed in Table 12 and plotted in Fig. 3. T"bl" 12.
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The rms deviation was 0.2%. The recommended values of the heat capacity of amorphous PVDS obtained by interpo~ lation from 10 to 200 K and from Eq. (7) from 210 to 260 K are listed in Table 13 . The recommended data on the heat capacity of molten PVDS were obtained by curve fitting the authors' tabulated data from 300 to 320 K into the equation
The rms deviatiori was 0.1 %. Recommended heat capacity data from Eq. (8) from 270-320 K are listed in Table 14 .
The recommended data for amorphous PVDS from 10 to 200 K were determined by interpolating the authors' tabulated data using the spline function technique to determine the heat capacity values at every 10 deg interval. The autbors' data above 200 K are somewhat higher because they are associated with the beginning of the glass transition. The recommended data from 210 to the glass transition (T g = 264 K) were determined by linearly extrapolating the data below 200 K. The heat capacity values from 150 to 200 K were curve fitted into the equation
The rms deviation was 0.1 %. The recommended values of the heat capacity of amorphous PVDG obtained by interpolation from 10 to 200 K and from Eq. (9) from 210 to 230 K are listed in Table 13 . The recommended data on the heat capacity of molten PVDG were determined by curve fitting the authors' tabu- Table 13 Recommended heat capacity data for .glassy poly(vinylene dipheny1sily1enc). POIYlvWYlene U1I'hClIYlt; Cll1lyl"", , ) and poly(vinylene diphenylsilylene vinylene diphenylgcTlII)'lene) in 
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1G3
The rms deviation was 0.2%. Recommended heat capacity data from Eq. (IO) are listed in Table 14 .
The recommended data for amorphous PVDSVDG from 10 to 250 K were determined by interpolating the authors' tabulated data using the spline function t'echnique to obtain the heat capacity values at every 10 deg interval. The authors' data above 250 K are somewhat highcr bccausc they are associated with the beginning ofthe glass transition. The recommended data from 260 to the glass transition (T g = 301 K) were determined by linearly extrapolating the Table 13 .
The recommended data on the heat capacity of molten PVDSVDG were determined by curve fitting the authors' tabulated data 301 and 320 K into the equation
The recommended heat capacity data from Eq. (12) are listed in Table 14 .
The heat capacity change at the glass transition for PVDS, PVDG, and PVDSVDG are 70.7, 79.5, and 116 .0 J moil K-I, respectively. Assuming additivity of JC p (at Tg), the estimated JC p for the alternating copolymer PVDSVDG is 150.2 J mol-I K -I. This is significantly higher than tl1e recommendedJC p of 116.0 J mol-1 K-
•
Recommended heat capacity data for PVDS, PVDG, and PVDSVDG are plotted in Fig. 4 . The measurements were made using adiabatic calorimetry (claimed uncertainty 0.5%) on amorphous samples of somewhat low molecular weight (Mn = 3000 for PEPS and 4500 for -PEPG). -All-the measurements meet our standards of accep- interpolated using the spline function to obtain the recommended heat capacity values from 70 to 330 K in every 10 deg interval. Below 70 K, the preliminary recommended data were obtained using the authors' fitted Tarasov equation
These recommended data on the heat capacity of amorphous PEPS-are-listed-in -Table 15 and-plottedin- Fig:-5 . Heat capacity measurement on PEPG extend from 12 to 320 K. The authors' graphical data from 20 to 50 K and tabulated data above 50 K were interpolated to obtain the recommended heat capacity values at every 10 deg interval. The data point at 10K was calculated from the authors' fitted Debye equation These recommended data on the heat capacity of amorphous PEPG are listed in Table 15 and plotted in Fig. 5. 
Polysulfones
Heat capacity measurements for poly(propene sulfone) (repeating unit CH 2 -CHCH 3 .... S0 2 -; formula wt. = 106.14), poly(l-butene sulfone) [repeating unit CH2-CH(C2Hs)-S02' tonnula weight = 120.17] and poly(l-hexene sulfone) [re- 65 The measurements were made using adiabatic calorimetry (claimed uncertainty 1 %). The measurements meet our standards of acceptable data (discussed in Ref. 1). The authors' tabulated values are listed in Table 16 and plotted in Fig. 6 .
Other Inorganic Polymers
Heat capacity measurements for poly(2,3,4,5-tetraphenyl-I, I-diethnyl-l-germocyclopentadiene) have been reported by Kiparisova et al. 59 The chemical structure of the repeating unit is (formula wt. = 490.13)
The heat capacity was measured from 10 to 300 K using an adiabatic calorimeter (claimed uncertainty 0.2%) on an amorphous sample. The measurement meets our standards of acceptable data. The recommended data were detenmned by interpolating the authors' tabulated data using the spline function technique to obtain heat capacities at every 10 deg interval. These recommended data are listed in Table 17 and plotted in Fig. 7 . Heat capacity measurements for polyphenylsilsesquioxane have been reported by Tikhomova et af. 60 The chemical structure of the repeat unit is (formula wt. = 258.28)
The heat capacity was measured from 68 to 300 K using The measurements which span the temperature range from 60 to 304 K were made on an amorphous sample using an adiabatic calori- 
The nns deviation waS 0.3%. To determine the recommended data above the glass transition, the authors' tabulated data on molten polymer from 213.2 to 304.6 K were curve fitted fntoiheequation ----C p = 0.1072 T + 36.42 cal mol-
The nns deviation was 0.2%. The preliminary recommended data below 60 K were obtained from authors' Tarasov curve fitted equation
The preliminary data from 10 to 50 K obtained from Eq. A set of recommended data is dervied for each polymer. Entropy and enthalpy functions have been derived for poly(4,4' -:isopropylidenediphenylene carbonate) and poly~ (dimethyl siloxene) only.
Recommended heat capaCity data on these polymers are being analyzed in terms of their chemical structure to derive heat capacities for various structural units and updated heat capacity addition scheme. 6 6-68 The results of this analysis will be reported at a later date
Heat capacity change at the glass transition, for polymers discussed in this paper, for which recommended heat capacity data are available in their glassy and molten states are listed in Table 20 . These ~Cp(Tg) data are being analyzed, along with other..d C p (T g ) data for other linear macromolecules in terms of the hole theory of the glass transition.
• 69
The results of this analysis will also be reported at a later date.
